Abstract Beginning in 1960, the Spanish agricultural sector underwent an intensive process of development, resulting in important structural changes, not only in the sector itself, but also in the relationship of the agrarian system to natural resources. These changes were closely related to the growth of per capita income and Spain's increasing integration into international markets. In the last five decades, the volume of Spanish agricultural trade has increased strongly, with a concomitant increase in the consumption of domestic water resources, requiring the construction of water infrastructure for irrigation. This paper examines the impact on water use in Spain during a period of economic modernization and trade liberalization. More specifically, we are interested in obtaining virtual water trade flow trends and identifying the major drivers responsible for these trajectories, via a decomposition analysis. Our results point to a large increase in virtual water exports and imports, primarily driven by the scale effect, that is, by the growing integration into international markets. The composition effect and changes in water intensity entailed a moderation in water consumption.
Introduction
The relationship between economic growth and the environment has been an issue of growing interest, particularly since the release of the Brundtland Report (UNWCED 1987) , which linked the twin factors of the environment and development, providing the impetus for the concept of sustainable development. Almost three decades later, there exists a vast literature that aims to establish the impact of long-term socioeconomic transition on natural resources such as timber, fossil fuels, minerals, land, water, and greenhouse gas emissions (Krausmann et al. 2008; Marull et al. 2010; Erb 2012; Iriarte-Goñi and Ayuda 2012; Rubio and Folchi 2012; Steen-Olsen et al. 2012; Fader et al. 2011; Tello and Ostos 2012; Duarte et al. 2013 Duarte et al. , 2014a . On the whole, these studies point to the damage caused to natural environments by the long-term processes of economic growth, beginning with the Industrial Revolution. Economic growth also involves a growing integration of the international economy. The first major wave of globalization took place from the early decades of the nineteenth century until 1929, while the interwar period, especially from 1929, can be considered a deglobalization phase, with a significant decline in the levels of economic integration (O'Rourke and Williamson 1999) . Following the Second World War, a new wave of globalization occurred and persists to this day. This second globalization has reached levels of integration that, from the 1980s, have surpassed the milestone of 1914. Thus, today's economies intensively participate in international trade, with large flows of factors and products. From an environmental perspective, it is necessary to integrate the role played by the globalization process into an analysis of the relationship between growth and natural resources (Duarte et al. 2014b; Antweiler et al. 2001) .
Our study focuses on the way that long-term international economic integration has influenced water resources-the essential key to life and the successful development of societies. Water has traditionally been considered as a local resource (Katerji et al. 2008; Gleick 2010) , since water used in a region was defined as the volume of surface or groundwater resources withdrawn for agricultural, industrial, or domestic purposes. However, the growing processes of internationalization involve important exchanges of agricultural commodities related to large volumes of upstream water use . As a result, there is a need for an analysis of water resources from a global perspective that addresses the crucial responsibility of final consumption on water pressures. The concept of virtual water was introduced to define the volume of water required for the production of a given commodity (Allan 1993) , and it is closely linked to the virtual water trade, or the volume of water embodied in products traded internationally. The virtual water content of products is classified into green water, precipitation stored in the soil as moisture, and blue water, surface or ground water . As blue water can be reallocated to agricultural, industrial, or urban use, while green water cannot be so easily diverted (Yang et al. 2007 ), blue water is said to have higher opportunity costs (Hoekstra 2010) . However, green water is particularly important for agricultural and forestry products. Substituting exports of crops for 'natural vegetation' could produce greater consumption of green water and therefore less availability of blue water. This is important from the perspective of land use (Fader et al. 2011) , since about 80 % of global virtual water flows are related to the trade in agricultural products (UN 2009) .
With a bottom-up approach (Hoekstra and Hung 2005) , our study attempts to obtain and analyze long-term trends in agricultural and food virtual water trade flows. To that end, we use bilateral trade data provided by COMTRADE for the whole period analyzed, as well as water intensities given by Hoekstra (2011, 2012) . To link the water involved in trade with the water consumed in production, we use data on the volume of agricultural and food production in Spain (MAGRAMA 1965 (MAGRAMA -2010 . Once the main trajectories and compositional patterns are established, decomposition analysis (DA) is applied to identify and quantify the main driving forces responsible for changes in virtual water flows. This methodology, commonly used in environmental analysis, is a useful tool for the study of the factors underlying the great increase in virtual water trade flows. We focus on Spain, a semiarid country that underwent an intensive process of economic modernization and trade liberalization from 1965 to 2010. More specifically, we want to assess the impact that this internationalization process has had on domestic water resources. This analysis is particularly important in Spain, a Mediterranean country with high spatial and temporal variability of rainfall, where imbalances between water needs and existing water resources have traditionally been managed with supply side measures (water channels, dumps, reservoirs, etc.), usually involving significant social, economic, and environmental impacts. Despite that virtual water trade flows in Spain have been widely studied from a short-term perspective (Aldaya et al. 2008 (Aldaya et al. , 2010 and in the long term, for the seventy years before the Spanish Civil war (1936) (1937) (1938) (1939) (Duarte et al. 2014b) , to our knowledge there are no studies that carry out a longterm analysis that coincides with the period of rapid industrialization, from 1960 on, when Spain became an advanced economy.
The Spanish case during the period studied is interesting for two other reasons. First, before the Second World War, Spain was a significant exporter of Mediterranean products, with its share in international markets being around 35 % for fruits and vegetables (Pinilla and Ayuda 2010) , 30 % for olive oil (Ramón 2000) , and 20 % for wine (Pinilla and Ayuda 2002) . The Civil War and the early decades of the Franco dictatorship led to a substantial loss of these markets and to an autarkic policy that isolated the country from the rest of the world. Beginning in 1959, there began a shift toward openness, culminating with entry to the European Union, in 1986. As a result, Spain has become one of the most important exporters of agrifood products in Europe, with the EU being the primary destination of Spanish agrifood products. In fact, only five countries (France, Italy, Germany, Portugal, and Great Britain) together account for more than 55 % of Spanish agrifood exports. It is estimated that Spain has more than doubled its participation in agricultural world trade, which is now around 3 % (Clar et al. 2015) . Second, Spain completed its industrialization process during the period analyzed, becoming a high-income country. Despite the fact that agrifood exports significantly lost ground to total exports, such exports still grew at the strongest rate in Spain's history. Thus, the Spanish case offers lessons for countries that are experiencing processes of intense economic growth and integration into international markets, as is happening in certain emerging regions.
Our findings point to a gradual growth in virtual water exports and imports, from 1965 to 2010. Although Spain is a net exporter of blue water, it appears to be a net importer of green water, meaning that, while significant pressure on regulated local resources is due to export production, Spain has avoided significant additional pressures via imports. Two groups of products, fruit and vegetables, and vegetable oils, embody most of the water in exports, while coffee, tea, cocoa and spices, textile products, and cereals are responsible for most of the water in imports. In summary, the great internationalization experienced in Spain throughout these years triggered a great increase in virtual water trade flows.
The rest of the paper is organized as follows. Section 2 reviews the methodology and the materials used. Section 3 shows the main findings of our study, divided into two subsections: Sect. 3.1 focuses on the main trends and composition of virtual water trade flows, while Sect. 3.2 performs a DA on virtual water exports and imports. Section 4 presents a discussion of the main results of our work, and Sect. 5 closes the paper with a review of our main conclusions and certain policy implications.
Some stylized facts: the Spanish agrifood trade between 1965 and 2010
The first two decades of the Franco dictatorship brought to a halt the economic transformations that the Spanish economy had experienced from the beginning of the twentieth century. The autarkic policies from 1939 to 1959 (less intense in the 1950s) not only led to the isolation of the Spanish economy, but also entailed a very slow recovery to pre-Civil War levels. Until the mid-1950s, GDP per capita and agricultural production remained below the levels of 1935. The Stabilization Plan of 1959 supposed a turnaround in the Spanish economy, leading to internal and external liberalization, and growth was explosive from 1960. Only Japan had faster GDP growth from 1960 to 1973. Moreover, the industrialization of the Spanish economy, beginning in the nineteenth century, ended during this decade, and employment in industry exceeded that of the agricultural sector for the first time.
The agricultural sector, especially after the crisis of the 1940s, resumed its modernization. Traditional agriculture gave way to an increase in production and factor productivity, achieving levels that were among the highest in Europe during the second half of the twentieth century (Martín-Retortillo and Pinilla 2015a, b) .
Agrifood exports and imports also grew rapidly after 1959. Export growth was strong, with an annual average growth rate over 5.3 % between 1959 and 1986 . Integration into the European Union in 1986 gave an even greater boost to commercial exchange. From 1987 to 2011, exports and imports enjoyed annual increases of 5.8 and 4.7 %, respectively. Although agricultural and food products significantly lost share of total exports (falling from more than 50 % of total exports in the 1950s to less than 15 % at the beginning of the twenty-first century), they reached high absolute levels, showing the highest growth rates in two centuries (see Clar et al. 2015 for a more detailed study of Spain's opening to international markets). Trade in the agrifood sector grew, especially from 1986, with exports plus imports exceeding agricultural production. The composition of exports and imports also changed significantly, especially with growing exports of products derived from livestock. Whereas meat and dairy products represented less than 0.5 % of exports (in current value) in 1959-1966, they accounted for more than 15 % in 2008-2011. The development of modern intensive farming was determinant. The growing imports of feed stuffs tipped the trade balance during the 1970s and 1980s; cereals, oil seed cake, and other feed stuff imports were 12.5 % of total agrifood imports (in current value) in 1952-1959, rising to more than 40 % by [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] . Exports of agrifood products, especially of processed foods, also followed an upward trend: In 1959-1966, they were only 0.7 % of total agrifood exports, but exceeded 11 % in 2008-2011 (Clar et al. 2015) .
Methodology and data

Methodological aspects
In this study, we adopt a bottom-up perspective to quantify blue and green virtual water trade flows in agricultural and food products, based on the approach developed by Hoekstra and Hung (2005) . For a country c in year t, virtual water exports are measured in m 3 and can be expressed as: 
Once virtual water flows and balances are identified, we proceed to examine the economic factors behind changes in these flows. To that end, virtual water exports and imports are expressed as a function of trade volume, product, and country composition. Moreover, in order to analytically study trends in virtual water flows and disentangle the forces behind trends, a form of DA is applied. Departing from (1) and (2), water exports (m 3 ) can be expressed, in general terms, as dependent on three kinds of factor, representative of water content per crop (w cpt ), trade patterns e cpt e ct
, with e cpt being the exports of country c in year t for each product p, and scale (e ct ), which yields:
This can be expressed in matrix form as:
with w 0 ct being a row vector of the water necessary for the production of each product in Spain in year t (measured in m 3 /$), i.e., the water intensity, with f ct being a vector of Spanish export product composition in period t, and e ct a scalar of the total value of Spanish exports in year t (measured in constant 1985$).
Similarly or, in matrix form,
where w 0 czt is a row vector of adequate dimension including the virtual water content for each product in each country of origin z, measured in m 3 /$, i.e., the water intensity. We denote M czt a matrix of the share that each country z represents in Spanish imports of each product; b ct is a vector of product composition of imports, and m ct is a scalar of the total value of Spanish imports (in constant 1985 dollars).
As can be seen, all physical and economic factors underlying the trade flows are time variable and country variable. In this way, we offer an interesting approximation to the effect that changes in trade relationships, such as scale of trade, product orientation, trade partners, and technological change, can have on domestic and foreign consumption of water resources over time. More specifically, to go deeper into these factors, DA has been applied to Eqs. (6) and (7) to synthesize the factors driving virtual water trade flows. Broadly speaking, this approach attempts to separate a time trend of an aggregated variable into a group of driving forces that can act as accelerators or retardants (Dietzenbacher and Los 1998; Lenzen et al. 2001) .
In general terms, considering a variable y depending on n explicative factors y = f(x 1 ,…,x n ), additive decomposition can be obtained through its total differential.
On the basis of a multiplicative relationship, that is, y = x 1 …x n , expression (8) holds:
In a discrete schema, when we want to measure the changes in the dependent variable between two periods, t -1 and t, there are different ways to solve this expression by way of exact decompositions, which leads to the well-known problem of no uniqueness of DA solution (Dietzenbacher and Los 1998) . In our case, DA is based on four factors for imports and three factors for exports; therefore, we can obtain the following 4! and 3! exact decompositions, respectively. In practice, as a commitment solution, the average of the two polar solutions can be considered a good approximation of the average of the n! solutions (Dietzenbacher and Los 1998) , with this being the option followed in this paper. Thus, the two polar decompositions of (5) can be written as follows:
Similarly, based on (7), we get two polar decompositions:
Taking the averages in (10), we get:
Proceeding in the same way with (11) gives:
Thus, changes in virtual water trade flows will be explained on the basis of the water intensity effect, measuring the contribution of variations in water intensities to changes in virtual water trade flows (IE e c ð Þ and (IE m c ð Þ); the localization effect, which indicates to what extent changes in the origin of products influence the volume of water embodied in imports (LE m c ð Þ); the composition effect, which links changes in virtual water trade flows to changes in product trade patterns (CE e c ð Þ and CE m c ð Þ), and the scale effect, which explains changes in virtual water trade flows depending on changes in the volume of trade (SE e c ð Þ and SE m c ð Þ).
Data
To obtain the components presented below, data on agricultural and food products trade published by the United Nations Statistics Division (COMTRADE 2014) at the four digit level of the Standard International Trade Classification (SITC, revision 1) are used. We work with 133 products for exports and imports and with 89 commercial partners in the case of imports. COMTRADE data on trade value are deflated and expressed in constant 1985 dollars. Our sample accounts for more than 75 % of the total Spanish international trade of agricultural and food products in the period studied. As we lack data on the virtual water content of processed food goods (e.g., in bakery products, pasta, processed meat, and preserved fruits), they were not included in the study. Agricultural and food production data were obtained from ''Anuario Estadístico de la Producción Agraria'' (MAGRAMA 1965 (MAGRAMA -2010 . In order to estimate the water coefficients for each crop, country, and period, we follow the average crop water intensities (m 3 /ton) for the period 1996-2005 taken from Mekonnen and Hoekstra (2011) and the livestock water intensities (m 3 /ton) taken from Mekonnen and Hoekstra (2012) . These coefficients express the volume of water consumption (m 3 ) per unit of production, measured in tons, and are estimated as the ratio between evapotranspiration (ET) and yield (Y). These coefficients can be assumed to be representative at the country level since, as explained by Hoekstra (2011, 2012) , the virtual water content of crops is obtained with a high resolution level, using a grid-based dynamic water balance model applied on a global scale, using a resolution level of 5 by 5 arc minute grid size (about 10 km by 10 km at the equator) (see Mekonnen and Hoekstra 2010 for more information on this process). However, these data can also be affected by several uncertainties. For example, they are greater than those that distinguish between irrigated and rainfed land, in a study by Garrido et al. (2010) for Spain, entailing an overestimation of the results. In fact, Hoekstra et al. (2011) point to the need to study the sensitivity and the magnitude of uncertainties in the results of a Water Footprint Assessment, in relation to the assumptions and input variables. Following this line, we can find recent studies (Bocchiola et al. 2013; Guieysse et al. 2013; Zhuo et al. 2014 ) that examine precipitation, reference evapotranspiration, crop coefficient, crop calendar, soil water content at field capacity, yield response factor, and maximum yield as the main sources of uncertainty.
In a following step, the coefficients above are updated for the whole time span . In this regard, estimating environmental footprints (water use, land use, energy consumption) for a long-term period is a challenging topic that has been widely discussed in the scientific literature. More specifically, some work as the developed by Haberl et al. (2001) has tried to assess the different methods used to study historical ecological impacts of the long-term process of development. These authors recognize that calculating environmental footprints for a long-term span is not a straightforward application.
In our case, as shown in Duarte et al. (2014b) and in Appendix 1, while it is feasible to assume that climatic and crop characteristics in Spain, i.e., ET, have remained relatively constant over time, technological developments such as irrigation, fertilization, and improvements in seeds have entailed notable yield improvements that could have affected water intensities from 1965 to 2010. As pointed out by Haberl et al. (2001) , two approaches have been commonly used to obtain environmental footprints in the long term. First, some studies use fixed coefficients assuming constant yields in time (Renault 2002; Shi et al. 2014 ). This constancy cannot be assumed for a period such as the one analyzed, with significant average improvements in the general conditions affecting the virtual water of crops (changes in irrigation techniques, changes in the share of crops, changes in the use of fertilizers, etc.). Second, other papers estimate variable water footprints on the basis of changes in longterm crop yields. In this line, the methodology utilized in our study follows the approach of Doorenbos and Kassam (1986) , and more recently by Dalin et al. (2012) and Konar et al. (2013) , using crop yield series to estimate the changing virtual water content of crops as follows:
where w cpt is the water coefficient for each product in the period of analysis (t from 1965 to 2010), w cp represents the crop or livestock water intensity given by Hoekstra (2011, 2012) , Y cp expresses the average yield of the reference period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) , and Y cpt is the annual product yields for each specific year studied. Equation 14 assumes a decreasing, convex with respect to the origin, and hyperbolic relationship that involves the virtual water content gradually declining as crop yield increases. The hypothesis underlying this approach is that technological advances have affected crop and livestock yields in the long term, also influencing water consumption per ton. Data on crop and livestock yields from 1965 to 2010 have been taken from the UN Food and Agriculture Organisation (FAO 2013) . These series tell us of the average yield of rainfed and irrigated agriculture, which allows us to account for the agricultural improvements resulting from irrigation expansion.
There are alternative approaches, such as the interesting one developed by Rockström (2003) and Rockström et al. (2007) , who assume that the ratio between the crop yield growth and the water productivity evolution changes with the level of yield (see Appendix 1 for more detail on this issue). This method requires obtaining information on the rate of decline in evaporation with increased crop canopy, for each crop and country, in the long term, which is beyond the scope of our analysis.
Results
Analysis of virtual water trade flows
Figures 1 and SI1 show the evolution of virtual water trade during the period studied. As can be observed, these flows The average annual growth rate of green water exports (Fig. 1 ) was 2.3 % for the period 1965-1985 and accelerated after 1986, increasing at 5.6 % annually. Blue water exports (Fig. 1 ) exhibit significant growth during the first 27 years (8.2 %), but this rate tended to flatten during the second period (3.9 %). Blue water represented between 30 and 40 % of total water exports and reached its highest share (over 45 %) during the 1980s. Virtual water imports also display a significant increase during these years. Green water imports experienced an approximately 3.1 % annual increase between 1965 and 2010, while blue water imports grew at 2.2 % until 1986, after which the rate accelerated to 3.7 %. In this case, the share of blue virtual water imports appears to be less significant, remaining quite stable at around 7 %.
Comparing virtual water exports and imports, it is possible to observe that, on balance, Spain was a net exporter of blue water but a net importer of green water (Fig. 1) . This indicates that the impact on domestic blue water resources due to exports was greater than that generated by Spanish imports on foreign resources. For green water, we find the opposite situation. The gap between blue virtual water exports and imports is notable and appears to gradually widen during the years after accession to the European Union, and from year 2000. Interestingly, there is less of a gap between green virtual water exports and imports, which remains quite stable throughout the period studied. 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 green exports green imports green net imports km 3 1965-1985 1986-2010 1965-1985 1986-2010 1965-1985 1986-2010 1965-1985 1986-2010 1965-1985 1986-2010 1965-1985 1986-2010 1965-1985 1986-2010 1965-1985 1986-2010 On the whole, fruits and vegetables and vegetable oils represented more than 50 % of both green and blue virtual water exports (Table 1) . From 1965 to 2010, vegetable oils and fruits and vegetables were the most important groups with approximately 40 and 30 % of blue water exports, respectively, with olive oil and oranges being the most significant products. The increase in irrigated olive groves explains, to some extent, the high share of olive oil in blue water exports. As for green water, it was exported mostly through olive oil, and fruits such as oranges. The loss of share by fruits and vegetables, beverages (primarily wine) and cereals, from 1986, was partially made up by a significant increase in the share of green water embodied in meat, dairy products, and eggs. Whereas the former, insignificant in 1965, rose to 15.5 % of total green exports from 1986, growing at 11.1 % every year, the latter displayed modest growth, increasingly sharply after 1986 to a growth rate of 10 %. Table 1 shows a notable loss of share of water embodied in traditional Mediterranean export products, fruits and vegetables, and wine, in favor of goods such as meat, dairy products, and eggs (those three categories have become more common in everyday diets in recent years). As we have explained, the change in demand patterns, caused by rising incomes, is associated with a notable growth of meat and milk production. During the 1990s and the first decade of the twenty-first century, Spain began to export considerable volumes of these products, particularly of pork and pork-derived products.
Fig. 1 Green and blue virtual water exports and imports (1965-2010)
Looking at the composition of imports (Table 1) , we observe that during the period 1965-2010, Spain imported water embodied basically in cereals, coffee and cocoa, soy beans, and fruits and vegetables. Green water was embodied mainly in imports of soy beans, coffee, and cereals, with maize being the main crop. These products accounted for 70 % of green virtual water imports, on average. From 1986, Spain continued to import green water in this form, but these three groups underwent a notable loss of share that was offset by the increase of water embodied in feed stuff, fruit and vegetables, and vegetable oils. Most products comprising the increase in imports were used as feed stuff for intensive farming.
Regarding blue virtual water imports, cereals (with maize as the most important) entailed over 35 % of these flows between 1962 and 1985. Textile fibers, mostly cotton, and soy beans also had a considerable influence on blue water imports. These water-intensive crops made a notable contribution during the whole period. From 1986, cereals, soy beans, and cotton were still the most representative groups, although their share fell significantly; imports of blue water through fruits and vegetables and feed stuff (oil seed cake, etc.) were more important. Feed stuff also had a significant share in blue virtual water imports, but the high level of development led Spain to become an importer of fresh fruits and vegetables.
The growth of intensive livestock farming in Spain, first to meet domestic demand, led to a sharp increase in imports of feed for livestock, and as Spain became a major 1965-1985 1986-2010 1965-1985 1986-2010 1965-1985 1986-2010 1965-1985 1986-2010 Sitc rev.1 standard international trade classification (revision 1), nes not elsewhere specified exporter of meat, the expansion of livestock production and exports led to a substantial increase in imports of green virtual water (Garrido et al. 2010; Ríos-Nuñez et al. 2013 ).
As we have seen, an important change in trade patterns took place from 1965 to 2010 in Spain, not only in terms of product composition, but also, although to a lesser extent, in terms of the origin of those products. In the 1960s, 34 % of green water ( Figure SI2 ) was imported from the USA, embodied mainly in soy beans and maize, or from Argentina and Brazil (22 and 10 % of total green water imports) transferred in virtual form through cereals such as wheat and maize, and coffee from Brazil. These countries continue to be important providers of green water for Spain ( Figure SI3 ) with 18 and 13 % of Spanish green water imports from Argentina and Brazil, respectively. Today Spain buys the bulk of its soy beans from Brazil, and its oil seed cake from Argentina, while France is the source of 8 % of Spain's imports of green water, embodied in maize and wheat.
The change in the origin of blue water products was more marked (Figures SI4 and SI5) . At the beginning of the period analyzed, blue virtual water flows from the USA were 34 % of total blue water imports. Maize and soy beans were the most significant traded goods, together with cotton, an intensive blue water crop, that mostly came from Egypt and Turkey. Blue water imports from these two nations accounted for approximately 24 % of the total. The accession of Spain to the European Community entailed a gradual loss of share from the Americas, in favor of its new European partners. Currently, Portugal with 30 % of total blue water imports is the main provider of blue water in Spain, through sugar, sunflower oil, and oil seed cake. Spain also imported blue water through cereals and soy beans from the USA, while France became an outstanding provider of maize, representing 12 % of Spain's total blue virtual water imports.
Decomposition analysis of virtual water trade of flows
As we have seen, Spain underwent an intense opening up of trade, from 1965 to 2010, that entailed an unprecedented increase in virtual water imports and exports. This growth accelerated after 1986, when Spain became a member of the European Union. In this section, we analyze the driving forces behind the increase in virtual water flows, through a decomposition analysis. Table 2 shows that the total increase of water embodied in exports was about 27.6 km 3 from 1965 to 2010, and it is interesting to note that the increase in total virtual water exports exceeds virtual water imports. Despite the fact that Spain continued to be a net importer of water, its negative water balance decreased, which may seem paradoxical, given the country's natural aridity. This growth was particularly intense from 1986, accounting for 22 km 3 , representing 80 % of the total. On the whole, the great commercial expansion of these years, i.e., the scale effect, triggered the increase in both blue and green virtual water exports. Meanwhile, trade pattern changes, as well as yield improvements, contributed significantly to the moderation of water consumption increases.
If we look at green virtual water exports, representing more than 70 % of the total water increase, it is clear that, again, the growing volume of trade (scale effect) is the most important explanatory factor. The composition effect encouraged the reduction in green virtual water exports until 1985, but could not offset the boost provided by the scale factor. From 1986, increasing exports of green waterintensive products, such as meat, led the composition effect. All other things being constant, the expansion of trade would have generated an increase in water consumption of 134 % from 1965 to the present, but the technological changes that took place from 1986 resulted in growing yields and partially moderated the increasing consumption of water resources. These changes reduced green water consumption by approximately 3.9 km 3 . Changes in the product mix traded also contributed to alleviate water pressures in the first part of the period, while boosting water consumption from 1986.
Blue virtual water exports also rose from 1965 to 2010, although to a lesser extent. In general, considering the whole period, the scale effect encouraged blue virtual water export expansion, while the composition and intensity effects prevented greater water consumption. We see some differences when examining the two different periods: From 1965 to 1985, both scale and composition effects boosted blue virtual water exports, triggered by the growth of trade in exports of blue water-intensive products such as fruits and vegetables, while the reduction in water intensities contributed to a partial levelling off. Nonetheless, from 1986, the great increase seen in blue virtual water exports was largely due to the rise in the volume of trade, since both the composition and intensity effects show negative signs.
Tuning to virtual water imports, Table 2 shows a significant increase taking place particularly from 1986. In fact, virtual water imports grew by about 26 km 3 during these years of intense internationalization in Spain, and the increase experienced from 1986 was about 77 % of the total. Spain imported mostly green water, which on average represented 93 % of total water imports. The rise in green water imports was driven mostly by the scale effect, whereas the composition, localization, and intensity effects contributed to virtual water imports levelling off. That is to say, from 1965 to 2010, Spain increased its volume of green water embodied in imports as a result of its broad globalizing process. Changes in trade patterns, with decreasing imports of oil seed, coffee, and cereals, were a determining element in water consumption moderation. Yield improvements in the producing nations were also beneficial for water resources from 1965 to 2010. Despite that the localization effect was also negative until 1985, accession to the EU and the consequent changes in the origin of products (greater trade with geographically close areas such as France and Portugal) led to an increase in green water embodied in imports. As Table 3 shows, blue water imports only represented about 6 % of the increase in total virtual water imports. The scale effect triggered the rise from 1965 to 2010, and as happened with green water, the composition, intensity, and localization effects prevented a greater increase in blue virtual water imports. Thus, Spain was importing more blue water because of the increasing exchange of commodities, with the localization effect being the most important negative factor, since there was a significant variation in the countries of origin of blue water imports. As we have seen, countries that produce cotton in a water-intensive way, Egypt and Turkey, 1965-1985 1986-2010 1965-2010 EWP embodied water in production, VWX virtual water exports, VWM virtual water imports, VWB virtual water balance: VWX-VWM. As we do not have data of manufactured crops and livestock production, these items have not been included in virtual water exports for comparability reasons were important commercial partners of Spain in the 1960s. Today, these areas are less important and Spain imports most of its blue water from the USA, France, and Portugal.
Discussion
As we have seen, virtual water flows in Spain followed a rising trend from 1965 to 2010, driven by a significant increase in the volume of trade. To what extent did this long-term process of internationalization influence the consumption of water in Spain? Put another way, was the foreign sector a determinant of the increase in water consumption? To address this issue, let us compare the water embodied in virtual water flows with the volume of water embodied in Spanish agricultural and food production. To approximate this, we calculate the water embodied in production using data from ''Anuario Estadístico de la Producción Agraria '' (1965-2010) (Duarte et al. 2014c) . Production data for the selected year have been obtained as a three-year average, centered on the year of reference, in an effort to reduce production volatility, and the water intensity coefficients are taken from Hoekstra (2011, 2012) . Table 3 offers an overview of the volume of water required for the production of agricultural and food products, and the water embodied in Spanish exports and imports.
As we can see, in 1965 green and blue virtual water exports represented 4.2 and 5 % of green and blue embodied water in total production, respectively. These percentages were lower than those reported for 1930 in Duarte et al. (2014b) , which highlights the negative effect of the depression of the 1930s, the Spanish Civil War, and the Second World War, but predominantly the results of the autarkic policies of the first two decades of the Franco dictatorship. These involved a significant isolation of the Spanish economy and its agricultural sector, which, apart from having declined in foreign markets, oriented its production to domestic markets to a greater extent than before. These percentages increased by the end of the period of study, reaching approximately 30 %, particularly in the case of blue water. This major expansion of virtual water exports underlines the importance of the integration of the agricultural sector into international markets during the second globalization (Clar et al. 2015) . The rise of Spanish agrifood exports was even greater than that of the world agrifood trade, which experienced major growth itself throughout the second half of the twentieth century (Serrano and Pinilla 2010). During these years, the volume of blue water embodied in production grew by 7,600 Hm 3 , whereas blue virtual water exports increased by about 6,448 Hm 3 , indicating that 85 % of the increase in blue water consumption for production was due to the growth in Spanish exports. As for green water, the pressure of the foreign sector on domestic resources was less intense, since that ratio reached 70 %. If we consider the volume of imported blue water, the increase in net exports explains 60 % of the rise in the volume of blue water embodied in production. In sum, Spain underwent an intense process of integration into the global economy that profoundly affected the consumption of domestic water resources. The implications of the enormous weight of external demand (or net balance of trade in blue virtual water) in the Spanish economy are significant: Water policy formed an important part of the Franco dictatorship 's (1939-1975) agricultural policy. This was based on earlier irrigation plans that required the construction of ever larger dams, leading to a major expansion in the area of irrigated land. The construction of dams to store water for irrigation accelerated between 1951 and 1990 , particularly during the 1950s and 1960s. Between 1951 and 1990 , the capacity of such dams increased by 24,500 Hm 3 , about 80 % of the current storage capacity. The period studied is therefore crucial for the expansion of large waterworks in Spain. As a consequence, the area of irrigated farmland grew rapidly, and by 1995, it was 133 % greater than before the Civil War (Pinilla 2006) . The fact that the irrigated area more than doubled over the period analyzed was mostly due to the high foreign demand for agrifood products and to the capacity of the agricultural sector to meet these needs. Nonetheless, the development of large irrigation schemes, involving the construction of large dams, canals, and irrigation networks entailed a formidable public and private investment, with public sector funding being increasingly dominant. As an example, all of the large dams in the region of Aragon, in the Ebro watershed, with more than 20 % of Spain's irrigated area were built between 1960 and 1990 (Ibarra and Pinilla 1999: 408) .
It is also necessary to examine the impact of the increase in irrigated agriculture on the natural environment, especially in the last 30 years. Some of the major environmental impacts affecting water resources were the salinity of the agricultural land, the problems of preserving the river deltas (as a result of the decline in the volume of water flows), and the contribution to widespread pollution of water by nitrates and phosphates due to the intensive use of chemical fertilizers and phytosanitary products (Duarte et al. 2002; Pinilla 2008) .
However, despite the impact of the second globalization on blue water domestic resources, it is important to note that Spain was a net importer of water. That is, in spite of exporting large volumes of blue water, growing imports of green water embodied in cereals and feed stuff contributed to alleviate the impact on domestic water resources.
Conclusions
From 1965 to 2010, Spain experienced profound economic, political, and social change. From an economic perspective, the culmination of the processes of industrialization and economic modernization meant that Spain would become a high-income country (Prados de la Escosura and Rosés 2009). Although the food industry lost share, both in overall economic activity and in external trade flows, it also experienced significant changes, the most important being the transformation of traditional agriculture into a modern and highly productive sector (Clar and Pinilla 2009) . Agrifood exports and imports grew at a fast pace, exceeding previous periods (Clar et al. 2015) . In this context, our work contributes to the existing literature by giving a long-term perspective on the link between trade expansion and trends in the consumption of water resources, and the growing integration of Spain into international markets entailed large pressures on both domestic and foreign water resources. Over the course of the period studied, Spain was a net exporter of blue water, with growth in net exports over 60 % of the growth of blue water embodied in production. On balance, Spain imported large volumes of green water, meaning that, as a whole, Spain exerted substantial pressure on foreign resources. The growing commercial exchanges were the determining factor driving virtual water trade flows. Despite the fact that yield improvements, compositional pattern changes, and variations in the origin of products had a significant contribution, these effects were not enough to offset the large increase in the volume of trade.
Given the great pressure exerted on water resources, the main solution adopted was an increase in the regulated water supply, that is, construction of large reservoirs and canals to facilitate development of irrigation, while most of the increase in agriculture was due to the expansion of Spanish agrifood exports, resulting in large public and private investments, and significant environmental impacts.
As we have seen, the growing integration of Spain into international markets led to an increasing consumption of water. Although it is true that there exist factors that appear to slow down the consumption of water resources, that consumption is still growing today. Against this background, it is necessary for countries to assess the environmental consequences of long-term socioeconomic transitions. Furthermore, it is crucial to take into account that, in the current globalized context, the consumption of products in one region may entail serious social and environmental problems in another. This is particularly important for those developing countries that have abundant natural resources and are experiencing rapid economic growth, with substantial foreign sector factors in their national GDP.
